Objectives: Few studies have addressed optimal follow-up for HIV-infected women after cervical treatment. This study aimed to compare performance of three available tests to detect posttreatment cervical disease in HIV-infected women in Kenya.
Introduction
Over half of HIV-infected persons in Kenya are women. Although HIV-infected women are living longer and healthier lives with increasing access to HAART, they remain at increased risk for cervical cancer [1] [2] [3] . Overall, cervical cancer is the most common cause of cancer death affecting women in Kenya [4] , and women with HIV have three times the risk of cervical precancer and cancer than uninfected women [5] . Significantly, many studies have demonstrated that a single-visit 'screen-and-treat' approach using visual inspection with acetic acid (VIA) with immediate cryotherapy is a well tolerated, acceptable and effective strategy for cervical cancer prevention in low-resource settings [6] [7] [8] . Despite the fact that women with prior cervical abnormalities are at higher risk for recurrent/persistence of cervical intraepithelial neoplasia (CIN) [9] [10] [11] [12] [13] , very few studies have addressed the best way to follow-up HIV-infected women after cryotherapy.
As implementation of 'see-and-treat' programs continue to increase across sub-Saharan Africa, there is a need to identify feasible and effective approaches to ensure that these women remain disease free after treatment with cryotherapy. This is essential to ensure long-term programmatic reductions in cervical cancer morbidity and mortality. Therefore, this study aims to determine and compare the accuracy of VIA, conventional papanicolaou (Pap) smear, and high-risk human papillomavirus(HR-HPV) testing as 6-month posttreatment follow-up tools to detect histologically confirmed CIN grade 2, CIN 3, or cancer among HIV-infected women who had undergone VIA/cryotherapy.
Methods

Study population and design
To study the utility of different screening tests after cervical treatment, women were recruited from September, 2011 to June, 2013 from four Academic Model Providing Access to Healthcare (AMPATH)-supported Cervical Cancer Screening clinics within Kenyan Ministry of Health sites: Moi Teaching and Referral Hospital, and Mosoriot, Turbo and Chulaimbo Health Centers. Women were approached if they were attending clinic, as recommended per the standard of care, for posttreatment examination. Women eligible for the original screening study, from which women were enrolled into the present study, must have been HIV positive, be age 18-55 years old, generally healthy, and undergone cryotherapy at least 6 months ago due to a positive VIA screen. Women were excluded if they were pregnant or had been pregnant within the previous 3 months, had current mucopurulent discharge, had active vaginal bleeding, or had a syndromic sexually transmitted infection (STI) diagnosis in the 2 weeks before enrollment. Women with genital tract infection underwent syndromic treatment and were eligible to enroll 3 weeks after treatment if the infection cleared.
Study nurses and assistants certified in human participants' research informed potential participants that they would be evaluated for recurrent and/or persistent cervical abnormalities using three screening tests (VIA, Pap smear, and HR-HPV DNA testing), and, if positive by any, they would be asked to have a colposcopy to obtain a cervical biopsy for diagnosis and treatment. Written informed consent was obtained from eligible study participants before they were enrolled. The study was reviewed and approved by Institutional Review Boards at Moi University, Indiana University, University of Toronto, and the Miriam Hospital.
Study procedures
At enrollment (a median of 6.3 months after initial VIAþ/cryotherapy), data on demographics, medical history and risk factors for CIN were collected using an interviewer-administered questionnaire. HIV diagnosis, CD4
þ cell count, antiretroviral therapy (ART) status, and WHO stage were abstracted from clinic records. Then, women underwent a gynecologic examination that included, in this order: collection of a Pap smear for conventional cytology, sampling for HR-HPV DNA using an endocervical cytobrush, and VIA. The criteria for VIA were taken from A Practice Manual on Visual Screening for Cervical Neoplasia. WHO 2003. The Pap smears were collected from the endo-cervix and ecto-cervix simultaneously using a plastic cervibroom that was smeared on a slide and immediately fixed. Pap smears were read at Moi University College of Health Sciences and classified according to the Bethesda classification system. The Digene Hybrid Capture II (Qiagen, Gaithersburg, Maryland, USA) test was used to detect 14 high-risk HPV genotypes, according to manufacturer's protocol in the AMPATH reference laboratory.
Women with a positive VIA result underwent colposcopy-directed biopsies within 2 weeks by a trained gynecologist. Women with a negative VIA result returned in 4-6 weeks to obtain results of Pap and HR-HPV testing. If either the Pap smear was abnormal [low-grade squamous intraepithelial lesion (LSIL) or worse] or the HR-HPV test was positive, patients underwent colposcopy-directed biopsies. Thus, women with any abnormal result from VIA, Pap smear, or HR-HPV testing were directed to undergo colposcopy and biopsy. Women negative by all three tests (e.g., those that were VIA-and Pap <LSIL, and no HR-HPV detected) were not referred to for biopsy, and for the sake of clinical management and our analyses, these women were considered to be truly negative for the outcome of CIN2þ.
A cervical biopsy was obtained for gold-standard histological confirmation, and if no lesion was apparent on colposcopy, a biopsy was collected randomly at either the 6 or 12 o'clock position of the cervix. The pathology readings were done at Moi University College of Health Sciences, with a random 10% sample of biopsy and pap smears sent to Brown University to be re-read by a single pathologist, revealing consistent diagnoses in more than 80% of cases. Women with CIN 2þ were counseled and referred to Moi Teaching and Referral Hospital for treatment with protocols based on recommendations from the American Society for Colposcopy and Cervical Pathology and the International Agency for Research on Cancer/WHO. Women with less than CIN2 were counseled to return in 6 months for the follow-up, per local standardized screening protocols. For women who failed to attend follow-up visits, the study nurses and assistants made at least three attempts to contact them via phone, tagging of medical charts, and home visits before considering them lost-to-follow-up.
Statistical analysis
Study enrollment and follow-up were summarized using the recommended Consolidated Standards of Reporting Trials [14] . Women's demographic characteristics, HIVrelated clinic data, and self-reported risk factors were summarized, along with posttreatment screening test results for VIA, Pap smear, and HR-HPV. For those with biopsy results, screening results were further crosstabulated by the histology findings.
By our study design, histology results were systemically missing for those with triple negative test results and for calculation of test characteristics, these were assumed to be truly negative for the outcome of CIN2þ. Data were missing for Pap smears that were inadequate for cytological diagnosis (n ¼ 39), for women lost before histological confirmation (n ¼ 79), and for those with inadequate specimens for histological diagnosis (n ¼ 4). For these missing data, multiple imputations were performed using sequential conditional models (aka chain models), which imputed data by steps to mirror the prospective nature of the study [15, 16] . Missing covariates (CD4 þ and WHO stage) were first imputed by their mode. Then, a conditional model was developed to impute the missing Pap smear results, assuming they were missing at random, conditional on patient characteristics and the results of VIA and HR-HPV testing [17] . A conditional model was also used to impute missing histology results using the same set of variables and the results of VIA, HR-HPV, and Pap smear. After creating 10 imputed datasets, Hosmer-Lemeshow tests were used to confirm the goodness of fit. Imputed data were used in all subsequent analyses.
The associations between baseline factors and posttreatment CIN2þ (vs. <CIN2þ) were examined using Poisson regression to estimate unadjusted and fully adjusted prevalence ratios. Because of the limited sample size, only age, CD4
þ , WHO stage, ART, age at first sex, and contraception were included in the multivariable model. History of STI was not included because the selfreported data were relatively sparse (only $10% answered 'yes'), and inclusion led to unstable model estimates. Next, the sensitivity, specificity, negative/positive predictive value (NPV/PPV), and rate of correct classification were calculated for the three posttreatment tests individually and considering all 'AND' (denoted by &) and 'OR' (denoted by j) combinations. For example, an 'AND' combination of VIA and Pap-smear (VIA & Pap) meant that a participant was positive only if both are positive; although an 'OR' combination (VIAjPap) meant that the participant was positive if either test is positive. All 95% confidence intervals (CIs) of the summary statistics were calculated using the standard error formula for analysis using multiply imputed datasets [17] . 'Nonoverlapping CIs' can be used as a criterion for concluding statistical significance among different posttreatment test strategies (alpha ¼ 0.05). All statistical analyses were conducted using Stata 14 (Stata Corp., College Station, Texas, USA).
Results
Of the 678 women eligible for the study, 517 consented and enrolled, at a median age of 35 years (interquartile range, 31-40). The majority of women were married (54%), had completed a primary (51%) or secondary (36%) education, and were self-employed (51%; Table 1 ). The majority of women had a CD4
þ cell count at least 350 cells/ml (62%) and were on ART (87%). Of the 478 women with complete screening results (8% of Pap smears were inadequate for diagnosis; Fig. 1 ), 304 were referred to for colposcopy due to at least one abnormal result by VIA, Pap, or HR-HPV. The majority (n ¼ 26) of the 39 women with an inadequate Pap smear tested positive by VIA and/or HR-HPV so were also referred to colposcopy, for a total of 330 referrals. Of the women referred to for colposcopy-directed biopsy, 24% were missing histology results due to loss to follow-up (n ¼ 78) or inadequate biopsy for diagnosis (n ¼ 4). For the 13 women with an inadequate Pap who were VIA and HR-HPV negative, Pap smear and histology results were imputed and included in calculations of test characteristics.
At a median time of 6.3 months after VIA/cryotherapy (range 2.8-21.7 months), 78% of women had less than LSIL on Pap smear, 81% were negative by VIA, and 43% were HR-HPV negative (Table 2) . Overall, 36% were negative by all three tests. Conversely, 4% were positive by all three tests, and 64% were positive by any test. Among the 248 women with histology, 29% had CIN2þ (n ¼ 25 CIN2, n ¼ 41 CIN3, n ¼ 4 carcinoma in situ, and n ¼ 2 cancers) at a median of 2.9 months after a positive VIA/ Pap/HR-HPV test (and after a median of 11 months total after initial VIA/cryotherapy). Of the 72 CIN2þ cases, 46% had been considered normal on cytology, 69% had been considered negative by VIA, and 14% had tested negative for HR-HPV. Nearly, all CIN2þ cases (92%) tested positive by any (e.g. at least one) test whereas only 10% tested positive by all three tests. There was no clear association of age and CD4 þ cell count on prevalence of CIN2þ, although there was a trend of lower prevalence among those with an older age of sexual debut (Table 3 ; adjusted prevalence ratio: 0.57; 95% CI: 0.32-1.03).
For use of a single test, Pap correctly classified the most cases (83%; 95% CI: 79, 87%) and had the highest specificity (91%; 95% CI: 88, 95%) and highest PPV (52%; 95% CI: 42, 62%) but a relatively low sensitivity (44%; 95% CI: 35, 53%; Table 4 ). HR-HPV had the highest sensitivity for detection of CIN2þ at 85% (95% CI: 75, 96%) and the highest NPV (94%; 95% CI: 90, 99%). However, HR-HPV had the lowest single-test specificity (54%; 95% CI: 49, 58%), relatively low PPV (29%; 95% CI: 23, 34%), and correctly classified the least amount of cases (59%; 95% CI: 55, 64%). VIA had the lowest sensitivity of the three tests (27%; 95% CI: 18, 36%), and moderate specificity (82%; 95% CI: 79, 86%), correct classification (72%; 95% CI: 68, 77%), and NPV (84%; 95% CI: 80, 88%). PPV of VIA was low at 25% (95% CI: 17, 33%). When excluding those with missing histology due to inadequate Pap (and negative VIA/HR-HPV), results were unchanged [refer to (online) Appendix 1, http://links.lww.com/QAD/B12].
For use of multiple tests, any combination that required more than one positive test resulted in the lowest of the sensitivities and the highest specificities [e.g., VIAþ and Pap > LSIL resulted in 13% sensitivity (95% CI: 8, 17%) and 97% specificity (95% CI: 95, 99%)]. On the other hand, requiring a positive test by only one of the two tests maximized sensitivity and NPVs for all HR-HPV-based combinations. For example, net sensitivity (of the test combination) increased to 90% (95% CI: 80, 100%) when considering those positive by either HR-HPVor VIA (47% specificity; 54% correctly classified; 96% NPV), and to 99% sensitivity (95% CI: 89, 100%) when including those positive by either HR-HPV or Pap (51% specificity; 59% correctly classified; 99% NPV) compared with HR-HPV testing alone (85% sensitive).
Discussion
To continue to improve the health and lives of HIVinfected women, providing antiretroviral treatment is not enough. Gains from HIV programs may be diminished if we neglect to address other important comorbidities, particularly the high incidence and mortality due to cervical cancer. In this study, we sought to determine optimal follow-up of women after abnormal VIA cervical screening and cryotherapy treatment. Although we found that Pap smears correctly classified the most women with regard to CIN2þ, testing for the presence of HR-HPV DNA had the significantly highest sensitivity as a single test, albeit with the significantly lowest specificity. Only moderate increases in sensitivity were gained by including positivity by Pap or VIA along with HR-HPV positivity. We observed a considerably high rate of posttreatment positive screening and histological confirmation of many CIN 2þ cases, further highlighting the need for HIVspecific guidelines along the entire cervical cancer prevention spectrum.
Screening for cervical disease after cryotherapy focuses on a distinct subset of women and thus requires unique considerations, as compared with primary screening in the general HIV population. As shown extensively in the literature, these women are at higher risk of posttreatment disease because of their prior CIN and/or treatment failure, on top of their already elevated risk due to HIV [9] [10] [11] [12] [13] . Thus, a priority for posttreatment follow-up Table 2 . Results of the posttreatment visual inspection with acetic acid/Pap smear/HR-HPV and subsequent histological confirmation. should be to maximize the sensitivity of screening, to minimize the likelihood of missing a case. This prioritization suggests that HR-HPV testing is optimal for posttreatment follow-up. Consistent with the inclusion of HR-HPV testing for posttreatment follow-up in several high-resource countries (summarized here [18] ), we found HR-HPV was the most sensitive test for CIN2þ detection in our sub-Saharan African setting. Capacity for molecular testing is increasing [19, 20] , and HPV testing in this smaller subpopulation may be more feasible than in general screening, where the number false positive tests that require triage might overwhelm the health system or result in unnecessary procedures. However, with a PPV just slightly higher than that of VIA, our data suggest that treatment based one HR-HPV positive test would result in 71% over-treatment for CIN2þ.
Significantly, our study also showed that if HR-HPV testing is not feasible even among this small subset of women, concurrently combining Pap and VIA (positive by either Pap or VIA) is an adequate alternative. Although the sensitivity is noticeably and statistically lower than for HR-HPV testing, this combination had the highest sensitivity for non-HPV-based algorithms, with the low sensitivity offset by gains in specificity. However, use of dual Pap and VIA also has unique resource requirements and limitations, not too dissimilar to HR-HPV testing (e.g. specialized training and retraining for optimal performance, potential loss to follow-up awaiting the Pap result, and so on) [21] . Our results indicate that VIA alone, despite the benefit of a single-visit approach in a population with high loss to follow-up, is not adequate for posttreatment screening as it would have missed nearly three-quarters of CIN2þ cases. Pap smear would have also missed about 50% of cases with a single posttreatment screening.
We observed high posttreatment screening positivity (64%) at a median of 6.3 months and a high rate of CIN2þ detection (29%) at 11 months posttreatment. These findings are consistent with a study of HIVinfected women from Kenya, which found 23% of women had residual CIN 2/3 at 6 months after cryotherapy [22] . Neither the use of ART nor CD4 þ cell counts were associated with posttreatment disease in that study nor in the present study. In exploring whether those with CIN2þ received biopsy after a longer followup period and had more time to progress, we found that they actually had a shorter median time to biopsy after screening (2.9 months; range 0-13) as compared with those without CIN2þ detected (3.8 months; range 0-21). Thus, given the relatively short, although variable, time to biopsy, these cases likely represent persistent Based on data collected for the study with multiple imputation. lesions after treatment, raising the question of whether VIA did not adequately distinguish the subset of lesions requiring LEEP or whether cryotherapy is not an appropriate treatment modality in general for HIVinfected women [23] . Further research is ongoing to investigate the cause, and improve the prevention, of these posttreatment CIN2þ cases, including retraining of the nurses to triage women appropriately to cryotherapy or LEEP.
A strength of our study is that all women with one or two negative tests were referred to for a biopsy. Given the high net sensitivity of using three tests in combination, it was not ethically justified to send a random sample of triple negative women to colposcopy-directed biopsy. Thus, for the sake of clinical management and in our analyses, these women were considered to be truly negative for the outcome of CIN2þ. The potential for verification bias in our study, which can exaggerate the sensitivity of a test, is likely very minimal as only those women negative by all three tests were not referred to histology. Furthermore, our results are consistent with the literature, including a large study in the Netherlands reporting the same 95% sensitivity for HR-HPV and Pap cotesting in posttreatment follow-up for CIN2þ [24] .
The current study had relatively high loss to follow-up of women needing biopsy. Despite rigorous contact tracing, nearly a quarter of women did not attend their colposcopy appointment. In addition, nearly a quarter of biopsy specimens or results were lost at the Department of Pathology. Multiple imputation methods were used to address this limitation of our study, although the data may not have been missing at random, potentially limiting the generalizability of our findings. As shown in the appendix, the complete case analysis and the results that included imputed data for missing Pap smears and histology were nearly identical. Unfortunately, these sources of missing data reflect the real-world challenges of using subjective tests and multiple visit algorithms in clinical settings globally. Another consideration of our study that highlights challenges in cervical cancer prevention is the variability in time between abnormal screening and biopsy collection. This can affect the observed sensitivity and specificity as the indicating lesions can naturally regress, or new lesions can form and progress differently across the wide range of followup times.
Although several studies have demonstrated that VIA screening followed by immediate cryotherapy is feasible, acceptable, and relatively effective for cervical cancer prevention, few studies have assessed optimal follow-up posttreatment, particularly among HIV-infected women in low-resource settings. As implementation of these seeand-treat programs increases, it is paramount to identify effective procedures to ensure that women are and remain disease free after treatment. In comparing all screening test combinations, use of HR-HPV DNA testing maximized the likelihood of detecting posttreatment disease, alone or in combination with another test. As challenges remain in many global settings in implementing HR-HPV testing for primary screening or for triage, our results suggest that starting to use this technology among this relatively small, yet high-risk, subset can effectively identify posttreatment disease. In addition, the NPV of HR-HPV testing has the important benefit of safely allowing extended intervals for follow-up in settings where rescreening is low and loss to follow-up is high.
